To determine the behavior of intraocular pressure and its relationship with infusion pressure in vitrectomy, phacofragmentation and phacoemulsification surgeries in rabbits.
Introduction
The last four decades have been marked by significant scientific and technological advances in various areas of knowledge.
In medicine, ophthalmology has actively participated in this progress, with important changes due to the introduction of new equipment for the diagnosis and treatment of ocular diseases. The ophthalmologic surgical act has been profoundly modified by the development of new techniques and technologies. Today, cataract surgery is performed with ultrasound and with the implant of an intraocular lens 1 and retinal surgery is performed by means of microincisions using sophisticated equipment 2 . These new procedures have permitted surgeons to obtain greater precision and control of the surgical act, minimizing the operative trauma, with a consequent improvement of results 3 .
In these types of surgery, intraocular pressure (IOP) is determined only by the infusion force (height of the infusion flask), the caliber of the cannulas, and the aspiration force. Since they manipulate the internal part of the ocular globe by incisions with little or no area of continuity between the inner and outer medium, these techniques have been called "closed system intraocular surgeries" 4 . The rapid development and refinement of these surgeries, despite excellent results, has not yet permitted a perfect analysis of all the risk factors associated with the procedures.
Thus, we must recognize and minimize the effect of these factors, with further improvement of the surgical results.
Variation in pressure is believed to occur during the course of closed system intraocular surgeries, but there is no information about its behavior. The increase in IOP above systolic arterial pressure is known to damage the retina and other ocular tissues 5 .
Even with increases in pressure to lower levels (60 to 80 mmHg), there seems to be impairment of these structures such as a rupture of the water-blood barrier, which may also occur when the pressure is abruptly reduced to very low levels 6 . Thus, wide variations in IOP seem to be directly related to the postoperative inflammatory process 7 . For this reason, the objective of the present study was to determine the behavior of IOP and its relationship with infusion pressure during the course of vitrectomy, phacofragmentation and phacoemulsification in rabbit eyes. Before each procedure, a preanesthetic intramuscular injection containing 2 ml ketamine hydrochloride (5 mg/ml) and 1 ml xylazine (1 mg/ml) was administered to each animal.
Methods
Five to 10 minutes after the injection, with the animal sleeping, one ear was shaved and a marginal vein was punctured with a 19
gauge VeneScalp ® coupled to a 20 ml syringe containing 2.5% thiopentonarbital sodium 9 at the concentration of 10 mg/ml.
Anesthesia was maintained through this route by slow manual infusions of the drug determined by respiratory frequency and by the response to stimuli of each animal. Anesthesia was complemented with the instillation of 0.5% proximetacaine in the eye of the animal.
After anesthesia, one drop of 10% phenylephrine and one drop of 1% tropicamide were instilled in the eye to be operated in order to provoke mydriasis. Next, the surgical field was expanded by means of nasal and temporal canthotomy and opening of the conjunctiva at 360º using a Daisy® instrument (Storz, St. Louis, MO, USA). In addition to IOP, the infusion pressure was also monitored during the surgeries. The infusion system was set up in a manner similar to that used for conventional surgery, with a cannula positioned inside the eye and connected to the serum catheter and to a suspended flask containing 500 ml of balanced saline solution (Ophthalmos Ltda; Sao Paulo, Brasil). In all surgeries, the flask remained positioned at a fixed height of 40 cm above the eye level of the animal. For vitrectomy, the infusion was positioned in the vitreous chamber, while for phacofragmentation it was positioned inside the capsular sac. The infusion pressure was recorded by means of a transducer positioned between the infusion cannula and the serum catheter, maintained at the same height and at a distance of 20 cm from the eye of the animal. The infusion pressure during phacoemulsification, although recorded, was not considered since every time the apparatus closed the infusion system a pressure oscillation was produced that prevented an appropriate interpretation of the data.
The different aspiration pressures for each procedure were divided into weak, moderate and strong according to the indications of the equipment ( Table 1 ). The parameter used during vitrectomy was 600 sections per minute. The parameters for phacofragmentation were: 74% power and 60% pulse and the parameters for phacoemulsification were 70% flow, 70% power, and 70% pulse. All procedures were performed by the same surgeon (EVS).
surgeries, together with the mean of the maximum and minimum values, is presented in Figure 2 . 
Discussion
The methods used in the present study were applied in a planned, rigid and pragmatic manner, with an attempt made to control the largest possible number of variables. However, it should be considered that the data presented here are intimately related to the animal model, the equipment, the material and the parameters employed, so that the results should be interpreted in the light of these limitations.
Rabbit eyes have been long used in experimental ophthalmologic surgeries [9] [10] [11] . In the present study, rabbits proved to be an excellent animal model both because of their availability and easy manipulation and because of their size and easy access to the eye. However, some aspects should be considered when this animal model is used for the study of variation in intraocular pressure. First, IOP is directly related to the thickness and rigidity of the sclera, which in rabbits is thinner and more elastic than in humans, representing a factor that may influence the final pressure 12 .
It has been demonstrated that, when submitted to external forces of the same magnitude, pig eyes present more elevated pressure peaks than rabbits and that this is due to the greater scleral rigidity of pig eyes 13 . This fact permits the assumption that human eyes, under the same conditions, may show even higher pressure peaks than those detected in the present study. In addition to scleral rigidity, the crystalline can also influence the variation in pressure 13 . We assume that, if the animals had presented cataracts, the result may have been different from that detected in the procedures of phacofragmentation and phacoemulsification since these eyes would have been submitted to different forces than those provoked by the present study. On the other hand, the lack of cataract induction was premeditated, since its presence would have caused an increase in the variables to be considered.
Other factors in addition to the animal model may have Previous studies have demonstrated that variations in pressure in the anterior chamber were transmitted simultaneously to the vitreous chamber at slightly lower intensities, which tended to become equal within a short time 15 . In addition, the presence of methylcellulose and air in the anterior chamber during facectomy may obstruct the cannula, thus compromising the reading of pressure. For these reasons, we opted for the use of only one cannula introduced into the vitreous chamber via the pars plana.
The present results showed that the variation in IOP during the proposed procedures was not wide, considering that simple manipulation of the eye, such as a massage, caused an increase in IOP to almost 100 mmHg 16 , and that the greatest increase provoked by the experiment was close to 50 mmHg. 
